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Detecting structural damage based on the identification of structural dynamic 
parameters has received great attention. Structural damage is usually simulated by 
removing the stiffness of various elements while the damaged structures are still 
treated as linear ones. However, when structure damage occurs, nonlinearity widely 
exists in damaged structures. In this paper, an algorithm is proposed for the 
identification of nonlinear structural performance under limited input and output 
measurements. 
This thesis summarized the nonlinear structural identification research at home 
and abroad, and first studies the identification of nonlinear parameters based on the 
extended Kalman estimator and the least squares estimation. This approach simplifies 
the nonlinear parameters identification by sequential application of the extended 
Kalman estimator for the extended state vector including the nonlinear parameters and 
the least squares estimation for the unknown input. And it could be used with limited 
input and output measurements. Compared with other algorithms based on the 
conventional extended Kalman filter, the proposed approach is more straight and 
concise. 
Then, based on substructure approach, the algorithm is extended to identify large 
size nonlinear structural parameters under limited input and output measurements. 
Interconnection effect between adjacent substructures is accounted by considering the 
interconnection forces at substructural interfaces as the ‘additional unknown inputs’ to 
the substructures. The ‘additional unknown inputs’ is identified by the estimated 
substructural parameters on the general case that measurements at the substructure 
interfaces are not available. This is the advantage over other traditional algorithms 
base on substructure approach.  
It is showed that the identification approach lack of the model-free nonlinear 
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proposed. First, an equivalent linear system is used to make the conclusion about the 
location of the nonlinearity by the difference between structural parameters and 
equivalent linear parameters. Then an “additional unknown-input” is added to take the 
place of the nonlinear performance. By the classical Kalman estimator and the least 
squares estimation, structural response and the nonlinear restoring force could be 
identified with good accuracy. The method that an additional input is used to take the 
place of the nonlinear performance is a new idea till now. 
Several numerical examples of small and large size structures under different 
excitations are carried out with limiter input and output measurements based on the 
proposed method to demonstrate its effectiveness. Compare with the existing methods, 
the proposed approach could be used under limited input and output measurements, 
it’s more useful for larger structures. 
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